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INTRODUCTION 

Extensive deposi ts  o f  o i l  shale have been found(1) i n  t h e  Eastern 
U.S. While these deposi ts  are reasonably r i c h  i n  organic  carbon content ,  t h e  
shales y i e l d  on l y  about 10 ga l / t on  o f  rock by simple r e t o r t i n g ,  F ischer  Assay 
(FA). This represents on l y  about one - th i rd  o f  t h e  a v a i l a b l e  carbon, so 
techniques, such as hydrogen donor so l va t i on ,  are be ing app l i ed  t o  increase 
carbon recovery. The o b j e c t i v e  o f  t h i s  paper i s  t o  summarize y i e l d  data from 
t h e  conversion o f  two Eastern U.S. shales and t o  prov ide a c h a r a c t e r i z a t i o n  o f  
products from two rep resen ta t i ve  runs. 

EXPERIMENTAL 

Two samples of Eastern U.S. shales were used. The f i r s t  was taken 
from the  H i l p a t  s i t e  (Fleming Co., KY), and i t  i s  c l a s s i f i e d  as a Cleveland 
member, Ohio shale. The second shale was mined a t  t h e  Black Shale No. 1 s i t e ,  
M a r y s v i l l e  (Clark  Co., I N ) .  It i s  a Clegg Creek member, New Albany (Devonian) 
shale. The shales had F ischer  Assays o f  10.1 and 11.8 ga l / t on  and carbon 
contents  o f  12.2 and 12.0, respec t i ve l y .  The so l ven ts  were obta ined from 
Fisher  S c i e n t i f i c ,  and they were used as received. 

The experiments were made i n  a "cascade u n i t "  c o n s i s t i n g  o f  a s e r i e s  
o f  t h ree  reac to rs  arranged such t h a t  a feed s l u r r y  o f  shale w i t h  so lvent ,  
t e t r a l i n ,  was i n j e c t e d  from a feed tank i n t o  a preheated reactor .  A f t e r  t he  
reac t i on  per iod of 1 hr, t he  products  were q u i c k l y  t r a n s f e r r e d  i n t o  a co ld  
receiver ,  from which they were recovered f o r  analys is .  The amount o f  s l u r r y  
re ta ined  i n  t h e  feed tank was determined by to luene f l u s h i n g  and Soxhlet 
ex t rac t i on .  The gases were analyzed us ing  a Car le  l l l A  u n i t .  The l i q u i d  
p o r t i o n  o f  the raw s l u r r y  product was analyzed by GC/MS (F inn igan 9600). The 
raw s l u r r y  was f i l t e r e d ;  t he  f i l t r a t e  was s t r i p p e d  ( N  @ 9ooc) t o  recover 
" reac to r  residue", and t h e  cake was Soxhlet e x t r a c t e i  t o  recover to luene 
inso lub les  and asphaltenes. The reac to r  and rece ive r  were a l s o  f l ushed  w i t h  
to luene and the  s l u r r y  was analyzed as shown i n  t h e  m a t e r i a l  balances of 
F igures 1 and 2. I n  summary, t h e  products consis ted o f  gases, d i s t i l l a t e  ( the  
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l i q u i d s  i d e n t i f i e d  by GC/MS b o i l i n g  between C4 and about C20. but excluding 
donor solvent,  namely t e t r a l i n ,  naphthalene, 1-methylindan, and butylbenzene). 
reactor res idue (bottoms from f i l t r a t e  s t r i p p i n g ) ,  asphaltenes ( to luene 
solubles f rom Soxhlet  e x t r a c t i o n ) ,  and to luene inso lub les .  

A ma te r ia l  balance o f  the  Indiana shale run (445OC. 60 min) i s  given 
i n  F igure  1. Of t h e  148 g of moisture f ree  (MF) sha le  placed i n  the feed 
tank, 104 g was t r a n s f e r r e d  t o  the  reac tor .  This shale was recovered as 93 g 
toluene i n s o l u b l e s ,  1.3 g asphaltenes ( to luene so lub les) ,  3.4 g reac tor  
residue, 2.4 g d i s t i l l a t e s ,  and 2.8 g of gases ( i n c l u d i n g  H2s, C02, etc. but  
not i nc lud ing  N2 t r a n s f e r  gas). On a mineral  mat te r  basis,  recovery was 98%. 
and on a carbon bas is .  namely sha le  carbon fed  vs product carbons (excluding 
solvent)  t h e  balance was 96.6%. 

A comparable run  was made w i t h  H i l p a t  shale (see F igure  2). O f  the  
146 g MF shale charged, 141 was t r a n s f e r r e d  t o  t h e  reac tor .  The shale was 
recovered as 121 g to luene inso lub les ,  3.9 g asphaltenes, 2.6 g reac tor  
residue, 4.4 g d i s t i l l a t e ,  and 2.2 g gases (but H$ was not determined). The 
mater ia l  balance o f  mineral  mat te r  was about 98%. and t h e  carbon balance was 
99.6%. 

Using as a bas is  100 u n i t s  o f  organic carbon i n  the  feed shale, the  
overa l l  d i s t r i b u t i o n  o f  product f r a c t i o n s  from both  t h e  FA and donor solvent 
runs i s  given i n  Table 1. The product f r a c t i o n s  are ca tegor ized  as shale- 
der ived o r  solvent-der ived. A l l  hydrocarbon gases a re  assumed t o  be shale 
related. With t h e  except ion of so lvent  dimers (i.e. d i t e t r a l i n ,  etc.), a l l  
d i s t i l l a t e s  a re  assumed t o  be shale-der ived. Adducted t e t r a l i n  and 
naphthalene d e r i v a t i v e s ,  as est imated from 'H and 13C NMR, a re  reported as 
such. Toluene i n s o l u b l e s  are considered t o  be unconverted shale. ( A l l  o f  
these assumptions w i l l  be discussed below.) 

Gases - 
The y i e l d s  o f  gases f r o m  the  FA pyrolyses were e s s e n t i a l l y  the  same 

as those of t he  donor so lvent  runs, namely.about 12% f o r  Indiana shale and 6% 
fo r  H i l p a t  shale. On a carbon basis, t h e  d i s t r i b u t i o n  o f  gases was C 1  > C2 > 

D i s t i l l a t e s  

c3 > c4+ > coq + co. 

The recover ies  o f  d i s t i l l a t e ,  designated o i l ,  from t h e  FA py ro l ys i s  
of Indiana and H i l p a t  shales were 11.8 and 10.0 g a l / t o n  o r  32 and 29% carbon 
recoveries. The o i l s  had s i m i l a r  l e v e l s  o f  hydrogen (10.1 w t % ) ,  n i t rogen  
(1.2 w t % ) ,  and s u l f u r  (1.6 and 1.8 w t % ) .  The H i l p a t - d e r i v e d  o i l  contained 
more oxygen, though (3.1 vs 1.7 a%). 

As shown i n  Figures 3 and 4. t h e  b o i l i n g  p o i n t  d i s t r i b u t i o n s  o f  the 
t w o  O i l s  were g r e a t l y  d i f f e r e n t .  The H i l p a t  o i l  was o f  much h igher  b o i l i n g  
po in t .  and i t  a l s o  contained a regu la r  p a t t e r n  o f  a l k y l  components above the  
broad envelope o f  compounds. The MS s igna ls  o f  about 105 pr imary  components 
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o f  bo th  f r a c t i o n s  were charac ter ized .  The d i s t r i b u t i o n s  o f  t h e  compound 
classes are shown i n  Table 2. While both o i l s  contained t h e  same l e v e l  o f  
alkanes (25%).  H i l p a t  o i l  contained more alkanes (17 vs 10%).  The Indiana 
der ived  o i l s  had much h igher  l e v e l s  o f  cycloalkanes and cycloalkenes (15 and 
11% vs 4 and 0.5%. r e s p e c t i v e l y ) .  While both o i l s  had comparable l e v e l s  o f  
alkylbenzenes (27-30%). t h e  Hi lpat-der i .ved o i l  contained much h igher  l e v e l s  o f  
a l k y l  naphthalenes and indanes ( 1 3  and 10% vs 1 and 2%. r e s p e c t i v e l y ) .  I n  
summary, t h e  Indiana shale o i l  contained more c y c l o p a r a f f i n s  wh i l e  t h e  H i l p a t  
shale o i l  contained more a l k y l  naphthalenes and indanes. 

The compi la t ion  o f  GC/MS r e s u l t s  o f  t h e  donor so lvent  runs are a l so  
given i n  Table 2. While t h e  d i s t i l l a t e  product o f  t h e  p y r o l y s i s  o f  Indiana 
shale i s  about evenly d i v i d e d  between pa ra f f i ns ,  c y c l o p a r a f f i n s  and 
subs t i t u ted  benzenes (C1 through Cg), t h e  donor so lvent  product has these 
components i n  a d d i t i o n  t o  naphthalenes and hydronaphthalenes. I n  t h e  case of 
H i l p a t  shale, p y r o l y s i s  d i s t i l l a t e  p r i m a r i l y  cons is ts  o f  p a r a f f i n s ,  benzenes 
and naphthalenes, and the  donor process r e s u l t s  i n  an inc rease i n  t h e  l e v e l  of 
naphthalenes and hydronaphthalenes. 

Several aspects should be considered i n  d iscuss ing  t h e  above 
y i e l d s .  F i r s t .  Eastern shale i s  somewhat c o a l - l i k e  and aromat ic systems would 
be expected i n  the  product. Second, p y r o l y s i s  r e s u l t s  i n  t h e  rup tu re  of 
bonds, and t h e  a b s t r a c t i o n  o f  a v a i l a b l e  hydrogen from sources such as 
hydronaphthalenes. Third,  t he re  i s  a h igh  l eve l  o f  basic c a t a l y t i c  surface 
avai  1 ab1 e which would promote a1 k y l  a t ion .  isomerizat ion,  and d imer iza t ion .  
Therefore. t e t r a l i n  and naphthalene ava i l ab le  from t h e  so lvent  system are  
l i k e l y  t o  become a l ky la ted  i f  f r e e  a l k y l  groups a re  a v a i l a b l e  f rom the  
c rack ing  of shale kerogen. 

It appears t h a t  a l l  o f  these aspects are present w i t h  major 
d i f fe rences  between t h e  two shales. I n  t h e  case o f  Indiana shale, much less  
so lvent  d i m e r i z a t i o n  i s  observed than w i t h  H i l p a t  shale, namely 0 . 1  out  of 
15.7% d i s t i l l a t e  y i e l d  versus 2.3 out o f  23.6%. It would appear t h a t  t h e  rock 
ma t r i x  o f  t he  Indiana shale would have a r e l a t i v e l y  low a c t i v i t y  f o r  
a l ky la t i on ,  and there fore ,  much o f  t h e  h igh  y i e l d  o f  naphthalenes and 
hydronaphthalenes may be shale-derived. Fo r tu i t ous l y ,  an Indiana run (430°,  
30 min) was made i n  which some f l u s h  to luene was l e f t  i n  t h e  reac to r  f rom a 
previous clean-up. The r a t i o  o f  to luene t o  t e t r a l i n  (o r  shale) was about 
3 : l .  A h igh  y i e l d  o f  alkylbenzenes was observed (28% vs 11%). I n  p a r t i c u l a r ,  
15% o f  the  t o t a l  d i s t i l l a t e  product was xylene, wh i l e  t h e  normal y i e l d  i s  1- 
2%. The y i e l d  o f  ethylbenzene was 8.8%. wh i le  t h e  normal y i e l d  i s  about 3%. 
hre t o  an apparent h igh  l e v e l  b a s i c i t y  o f  H i l p a t  shale and because a high 
y i e l d  o f  dimers i s  observed i n  t h e  d i s t i l l a t e  product (1.e. 10% o f  t h e  
d i s t i l l a t e ;  2% of the  t o t a l  product) ,  i t  would appear t h a t  even more 
t r a n s a l k y l a t i o n  occurred i n  the  processing o f  H i l p a t  shale. 

As a t e s t  o f  t ransa l  ky la t i on ,  two micro-autoclave experiments were 
made a t  45OOC and an h r  reac t i on  per iod  us ing  equal charges o f  H i l p a t  shale 
and t e t r a l i n .  The f i r s t  run was made w i t h  commercial t e t r a l i n ,  and the  second 
w i t h  t e t r a l i n  having a 1% l a b e l  a t  t h e  a-posi t ion.  Experimental techniques 
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are sumar i zed  i n  re fe rence  2. The d i s t i l l a t e  l i q u i d s  from both runs were 
character ized by GC/MS. S p e c i f i c  chromatographic peaks t h a t  appeared t o  be 
so lvent-der ived were s tud ied  by examining t h e  most in tense i o n  and t h e  
corresponding 13C i o n  t o  c a l c u l a t e  t h e  amount o f  t h a t  component due t o  
1%-l abel ed so l  vent. 

I n  t h e  case o f  1-methylnaphthalene, 78% o f  t h i s  product i n  t h e  
d i s t i l l a t e  was d e r i v e d  from the  donor so lvent  ( 1 % - t e t r a l i n )  and 22% from t h e  
shale. The f o l l o w i n g  s p e c i f i c  components were a l so  i d e n t i f i e d  as being donor 
solvent-derived: 2-methylnaphthalene-86%, I-ethylnaphthalene-82%, 2-ethy l -  
naphthalene-88%, 1-methy l te t ra l in-861,  e t h y l t e t r a l i n - 8 8 % ,  and propy l  - 
te ta l in-86%. I n  summary, about 70% o f  t h e  naphthalene and t e t r a l i n  sub- 
f r a c t i o n s  o f  t he  d i s t i l l a t e  o f  t he  H i l p a t  run  was so lvent-der ived a f t e r  t h e  
a1 kylcarbons are sub t rac ted  o f f .  Therefore, of the 21.3% "shale-derived' '  
d i s t i l l a t e s  l i s t e d  i n  Table 1 f o r  H i l p a t  shale, about 6.0% may a c t u a l l y  be 
so lvent-der ived w i t h  t h e  remaining 15.3% being shale-derived. (While t h e  
c a t a l y t i c  a c t i v i t y  o f  t he  Indiana shale appears t o  be low, a d e t a i l e d  exper i -  
ment would be necessary t o  con f i rm  t h a t  l ess  t r a n s a l k y l a t i o n  would occur than 
t h a t  observed w i t h  H i l p a t  shale.) 

Heavy L iqu ids 

The heavy l i q u i d  products  o f  the donor so lvent  runs consis ted o f  
asphaltenes and r e a c t o r  residue; no apprec iab le to luene ex t rac tab les  were 
found i n  the  FA s o l i d s .  The f o l l o w i n g  t a b l e  sumar i zes  t h e  analyses o f  t h e  
combined heavy f r a c t i o n s  from the  H i l p a t  and Indiana runs: 

Element Carbon Hydrogen H/C Nit rogen Oxygen S u l f u r  

Shale 
- I n d i a n a  82.4 7.1 1.03 2.4 2.3 5.8 

Hi  1 pat 86.3 7.1 0.99 1.9 1.5 3.2 

I n  sumnary. t h e  H/C r a t i o s  o f  these heavy products were e s s e n t i a l l y  the same 
and the Ind iana shale-der ived product was h ighe r  i n  heteroatom content. As a 
note: t h e  reac to r  res idues were h igher  i n  hydrogen, n i t rogen  and oxygen than 
the  asphaltenes, but  lower  i n  su l fu r .  

The, chara t e r i s t i c s  o f  t he  res idue and asphaltene f rac t i ons  were 
examined by H and c13C NMR us ing  xperimental techniques o u t l i n e d  i n  another 
paper presented a t  t h i s  meeting.($ Spectra con ta in  a l a r g e  number o f  sharp 
s ignals  i n  t h e  aromat ic  reg ion.  These sharp s igna ls  are due t o  t h e  presence 
of t r i m e r s  and adducted species produced from t h e  so lvents .  The broad 
under l y ing  resonance i n  t h e  aromatic reg ion i s  due t o  aromatic ma te r ia l  from 
the  shale. The a r o m a t i c i t i e s  o f  these o i l s  are high, i n  t h e  range o f  75-80% 
of the t o t a l  carbon. The aromatic reg ion can be d i v ided  i n t o  th ree  bas ic  
regions; s u b s t i t u t e d  a l k y l l a r y l l h e t e r o a t o m  (133.5 ppm - end of aromat ic) ;  
b r i dge  carbon (133.5-129.5 ppm) ; and noo-subst i tu ted aromat ic  carbon. In 
add i t i on ,  an es t ima te  o f  t he  aromatic carbon from te t ra l i n /naph tha lene  i s  made 
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and given i n  Table 3. Another s t r u c t u r a l  parameter a v a i l a b l e  from 13C NMR i s  
t h e  chain r a t i o .  The h igher  the  chain r a t i o  the  longer  t h e  chain.  However, 
an average chain l eng th  cannot be computed i n  t h i s  case because t h e  sample i s  
a m ix tu re  o f  aromatic and a l i p h a t i c  ,s t ructures.  The a l i p h a t i c  s t r u c t u r a l  
parameters given i n  Table 3 are from H NMR which g ives a b e t t e r  ana lys i s  o f  
t h i s  reg ion  than 13C NMR. 

An examination o f  t h e  NMR data given i n  Table 3 shows t h a t  t he  
asphaltenes der ived from t h e  two shale samples a re  s i m i l a r .  A comparison o f  
t h e  asphaltenes o f  t he  two shales shows s l i g h t  d i f f e rences  i n  t h e  a l i p h a t i c  
carbon, a t o  aromatic carbon content, hydroaromatic content  and long  chain 
content. The h igher  a t o  aromatic carbon content i n  the  Indiana shale l i q u i d  
i s  i n  agreement w i t h  t h e  l a r g e r  amount o f  a l k y l  s u b s t i t u t e d  aromat ic  carbon. 
The s l i g h t l y  h igher  l e v e l  o f  hydroaromatic carbon i n  t h e  H i l p a t  shale i s  due 
t o  both t e t r a l i n  and t o  hydroaromatic s t r u c t u r e s  i n  t h e  shale. The h ighe r  
l e v e l  o f  l ong  chain ma te r ia l  i n  t h e  H i l p a t  shale corresponds w i t h  t h e  h ighe r  
chain r a t i o  i n  t h i s  sample. 

The Indiana spect ra have more sharp l i n e s  than the  H i l p a t  spec t ra  i n  
t h e  aromatic reg ion i n d i c a t i n g  t h e  presence o f  more adducted t e t r a l i n  and 
naphthalene. This i s  a l so  r e f l e c t e d  i n  t h e  naphthalene content o f  t he  Ind iana 
shale heavy product. The Ind iana shale heavy product a l s o  has more 
heteroatom/aryl s u b s t i t u t e d  aromatic carbon than does t h e  H i l p a t .  Th i s  i s  
p a r t i a l l y  due t o  both adducted naphthalene and t o  t h e  h ighe r  heteroatom 
content  o f  the Ind iana asphaltenes. 

Rock Matr ix ,  Minera ls  

b e  t o  apparent d i f f e r e n t  c a t a l y t i c  p roper t i es  o f  t h e  two shales, an 
x-ray mineral ana lys i s  was done us ing  a P h i l i p s  APD-3100 d i f f rac tomete r .  The 
r e s u l t s  were analyzed us ing  a technique, "X-Ray Powder D i f f r a c t i o n  Search 
System," of G. G. Johnson o f  Penn S ta te  Un ive rs i t y .  While bo th  t h e  Ind iana 
and H i l p a t  shales have quar tz  (5040%) and mon tmor i l l on i te  (6-10%) as major 
components, t he  H i l p a t  shale conta ins more a l k a l i  metal (Na, K )  components 
than does the Indiana shale. As po in ted  out  by K. Tanabe(41, t h e  mre basic  a 
c a t a l y s t  ( o r  c l a y ) .  t h e  more l i k e l y  t h a t  i t  i s  t o  promote polymer izat ion,  
i somer i za t i on  and a l k y l a t i o n .  This observat ion i s  cons i s ten t  w i t h  t h e  r e s u l t s  
discussed herein. 

CONCLUSIONS 

Extensive conversion o f  two samples o f  Eastern U.S. Shale has been 
accomplished us ing  a hydrogen donor so l ven t  system i n  a DOE sponsored 
p ro jec t .  I n  a se r ies  o f  p rev ious l y  repor ted autoc lave runs, t h e  e x t e n t  o f  
conversion o f  t h e  organic  carbon va r ied  from 20 t o  75% depending upon 
temperature. reac t i on  time. and so l ven t  type. As a comparison, t h e  F ischer  
Assay (FA) conversions of these shales were about 40%. Selected products  from 
t h e  FA runs and two "cascade u n i t "  ( s l u r r y  i n j e c t i o n )  runs made a t  45OOC and 1 
h r  us ing a donor-solvent process were analyzed by elemental,  GC/MS, and NMR 
techniques. The y i e l d s  o f  gases from t h e  donor-solvent and FA processes were 
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about equ iva len t .  More d i s t i l l a t e s  were recovered from t h e  FA runs bu t  heavy 
f r a c t i o n s  were recovered from t h e  donor-solvent process wh i l e  no t  present from 
t h e  FA runs. Composit ional t rends  observed i n  t h e  FA l i q u i d s ,  such as high 
l eve l s  o f  alkanes and cycloalkanes, appeared t o  c a r r y  over i n t o  the  l i q u i d s  
from t h e  donor-so lvent  systems. Two experiments were made us ing e i t h e r  
unlabeled o r  1%- labeled donor so lvent ,  t e t r a l i n .  t o  i s o l a t e  so lvent  der ived 
products from those generated from t h e  kerogen. It was shown t h a t  a h igh 
l e v e l  o f  t r a n s a l  k y l a t i o n  occurred between the  shale-der ived species and the 
so lvent ;  t he re fo re ,  a p o r t i o n  of t he  donor so l ven t  can appear i n  the h igher  
b o i l i n g  d i s t i l l a t e  f r a c t i o n s .  S i m i l a r l y ,  a s i z a b l e  l e v e l  o f  so lvent  adduction 
w i t h  t h e  shale-der ived heavy f rac t i ons  occurs. These react ions appear t o  be 
re la ted  t o  shale b a s i c i t y .  
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Shale 

Run Condit ions 
("C/MIN) 

Table 1 

D i s t r i b u t i o n  o f  Products on a Carbon Basis 

Indiana H i  1 pat 

F.A. T e t r a l i n  F.A. T e t r a l i n  
m 4 0  m 4 0  a4ITsb 

Yie ld  (on Carbon) 

- Gases 12.7 11.1 5.8 6.6 

O i  s t i  11 a tes  
Shale-deri ved 32.5 15.6 29.3 21.3 
Solvent-der ived(1) -_ 0.1 -- 2.3 

Tota l  32.5 15.7 29.3 23.6 

Reactor Residue 
Shale-derived . . _ _  18.7 -- 12.2 
Solvent-der ived(2) -- 3.0 -_ 1.2 

Total  KO n-7 KO 13.4 
As haltenes 
-!hTG&Fi ved -- 7.0 -- 18.0 

-- 1.7 
To ta l  0.0 8.1 0.0 19.7 

Toluene Inso lub les  60.3 40.0 60.3 36.3 

Tota l  Shale-derived 105.5 92.4 95.4 94.4 
Tota l  Solvent-der ived 0.0 4.2 _- 5.2 

Tota l  Tb-53 K T  9-574 99.6 

- 1.1 - -- Solvent-der ived(2) - 

Notes: (1 )  

(2 )  Tetramers p lus  adducted so lvent .  

Dimers, only;  a pa r t  o f  t h e  shale-der ived d i s t i l l a t e  may be 
a1 ky l  ated so lvent ,  though - see t e x t .  
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Run No. 

Table 2 

Compound C l a s s i f i c a t i o n  o f  D i s t i l  1 ates 

Ind iana Shale 
t 1 scher Donor 
Assay Run - 

D i s t r i b u t i o n  ( R I C  area %) 
A1 kanes 
A1 kenes 
Cycloal kanes 
Cycl oal kenes 
A1 k y l  benzenes 
Alkylnaphthalenes 
Indanes 
A1 ky l  t e t r a l  i n s  and 

H naphthalenes 
Het&ocompounds 

26.2 25.7 
10.0 0.2 
15.5 13.7 
10.7 2.0 
30.0 11.9 

1.2 21.9 
2.3 4.5 

_- 13.4 
4.1 6.7 rn m 

H i l p a t  Shale 
'Fischer Donor 
Assay Run - 

24.9 18.7 
16.5 0.0 
4.2 6.6 
0.5 1.2 

26.6 13.7 
12.8 22.2 
12.0 16.2 

Table 3 

S t r u c t u r a l  Parameters From ' H  and 1% NMR o f  Asphaltenes 
Derived From t h e  Donor Solvent Conversion o f  Ind iana and H i l p a t  Shales 

Shale Ind iana H i  1 pat  

% Aromatic Carbon 
ml s u b s t i t u t e d  8.9 7.0 

% heteroatomlary l  s u b s t i t u t e d  20.9 - 15.4 - 
t o t a l  a1 k y l  or heteroatom/aryl s u b s t i t u t e d  29.8 22.4 
% bridge carbon 10.1 10.9 
% non-subst i tu ted carbon 37.6 43.8 

Tota l  Aromatic Carbon 77.5 rn 
% A l i p h a t i c  Carbon 

% a methyls 
% a CH2 
% hydroaromatic 
% long chain m a t e r i a l  

Tota l  A l i p h a t i c  Carbon 

Chain R a t i o  

Adducted Solvent 
% t e t r a l  i n* 
% naphthalene* 

4.3 3.1 
4.6 3.3 
3.2 4.4 

10.4 11.5 
TZ-5 22.9 

2.6 3.9 

- 

0.0 0.7 
13.1 8.0 

* 
were observed by GC techniques. 

Present as adducted species o r  t r i m e r s  o r  t e t r i m e r s ;  no monomers or dimers 
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FIGURE 1 MATERIAL BALANCE OF THE INDIANA SHALE CASCADE U N I T  RUN 

MTERIAL BALANCE 
Ruw WVIBER 567-20 

Shale 43.79 - 
Solvent20.3g , Toluene Ins .  

(9 

Reactor Flush Stream: 
Deslgnatlon Shale Feed Gases D i s t i l l a t e  Residue Asvhaltene Toluene Ins Asvhaltene Toluene Ins 
Nmber - 1  2 3 4 5 6 
h Y " t .  grams 

Carbon 12.92 1.44 2.03 2.81 0.13 0.39 0.92 4.78 
Hydrogen 1.50 0.79 0.29 0.26 0.01 0.05 0.07 0.46 
Nitrogen 0.36 -- 0.03 0.08 0.00 0.02 0.03 0.19 
Oxygen -- 0.38 0.03 0.09 0.01 0.24 0.02 L2.W) 
Sulfur 5 . 0 2 ~ ~ 0 . 1 2  - 0.01 - 0.28 - 0.14 - 3.01 

Total 104.13 2.75 2.39 3.36 0.16 7.02 1.18 85.87 
( i n c l .  minerals) 

FIGURE 2 U T E R I A L  BALANCE OF THE H l L P A T  SHALE CASCADE U N I T  RUN 

MTERIM BALANCE 
RUN NWER 567-24 

Flush Flush 

Stream: 
Deslgnatlon Shale Feed Gases 
Nwlber 
h u n t .  grams 

Carbon 16.89 1.12 
Hydrogen 1.87 0.22 
Wltrogen 0.58 -- 
O w e n  1.34 0.30 

3.34 NQ 
Total 141.w -- - -  Sulfur 

(1 nc l  . mineral s ) 

Reactor Flush 
D i s t i l l a t e  k r l d u e  Arvhaltene Toluene Ins Asvhaltene Toluene Ins 

1 2 3 4 5 6 

3.98 2.27 0.75 1.39 2.51 4.75 
0.44 0.18 0.06 0.17 0.21 0.54 _ _  0.06 0.02 0.00 0.04 0.23 _ _  0.04 0.01 _ _  0.04 _ _  

= q , p l . a . o s & $ l z M  
4.42 2.60 0.88 29.38 2.98 91.45 

-- 
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FIGURE 3 GC/MS ( R I C )  SCAN OF INDIANA SHALE FA O I L S  
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FIGURE 4 GC/MS ( R I C )  SCAN OF HILPAT SHALE FA OILS 
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